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DIGITAL ASSISTANT VOICE INPUT
INTEGRATION

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent
application Ser. No. 14/572,184, filed Dec. 16, 2014,
entitled, “Digital Assistant Voice Input Integration”, the
contents of which are incorporated by reference in its
entirety.

BACKGROUND

[0002] Digital assistants can provide a variety of features
for device users and can make it easier to interact with
devices to perform tasks, get information, and stay con-
nected with friends and colleagues using voice interactions.
Typically, the user can interact with the digital assistant
using voice inputs, and the digital assistant can speak to the
user using its own voice. Current features perform in a
satisfactory manner for many use scenarios, but increased
functionality can make digital assistants even more benefi-
cial and productive.

[0003] This Background is provided to introduce a brief
context for the Summary and Detailed Description that
follow. This Background is not intended to be an aid in
determining the scope of the claimed subject matter nor be
viewed as limiting the claimed subject matter to implemen-
tations that solve any or all of the disadvantages or problems
presented above.

SUMMARY

[0004] A digital assistant supported on devices such as
smartphones, tablets, personal computers (PCs), game con-
soles, etc. includes an extensibility client that exposes an
interface and service that enables third party applications to
be integrated with the digital assistant so the application user
experiences are rendered using the native voice of the digital
assistant. Specific voice inputs associated with a given
application may be registered by developers using a mani-
fest that is loaded when the application is launched on the
device so that voice inputs from the device user can be
mapped by the digital assistant extensibility client to the
appropriate application as input events for consumption. In
typical implementations, the manifest is arranged as a
declarative document that streamlines application develop-
ment and provides a seamless user experience by enabling
customization of third party applications to integrate the
digital assistant’s voice and behaviors within the user expe-
rience of the application’s domain.

[0005] Applications that register for digital assistant
interoperability can opt in to a variety of services, such as
language, vocabulary, voice, and text to speech services
from a remote or cloud-based service provider that inter-
faces with the local extensibility client. Registered applica-
tions can access and utilize general digital assistant func-
tions, data structures, and libraries exposed by the services
when rendering their user experiences as well as implement
application domain-specific context and behaviors using the
programming features captured in the declarative manifest.
For example, applications can parse chunks of text and have
it read by the digital assistant using its native voice.
[0006] In addition to supporting a streamlined and com-
pact digital assistant development environment, the present
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digital assistant voice input integration can improve user
efficiency and performance when interacting with a device.
For example, by rendering user experiences in a unified
manner in a single voice, disruptions in transitions among
applications are reduced or eliminated which reduces dis-
tractions for the user. In addition, voice intelligibility and
comprehension is improved for applications using the pres-
ent extensibility of the digital assistant as users can typically
select voice, language, and accent preferences that are
optimally suited to their particular needs.

[0007] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
Furthermore, the claimed subject matter is not limited to
implementations that solve any or all disadvantages noted in
any part of this disclosure. It will be appreciated that the
above-described subject matter may be implemented as a
computer-controlled apparatus, a computer process, a com-
puting system, or as an article of manufacture such as one or
more computer-readable storage media. These and various
other features will be apparent from a reading of the fol-
lowing Detailed Description and a review of the associated
drawings.

DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows an illustrative unified digital assistant
experience surfaced to a user by a digital assistant which
includes an extensibility client that exposes an interface and
service to third party applications;

[0009] FIG. 2 shows an illustrative computing environ-
ment in which devices can communicate and interact over a
network;

[0010] FIG. 3 shows illustrative inputs to a digital assis-
tant and an illustrative taxonomy of general functions that
may be performed by a digital assistant;

[0011] FIGS. 4 and 5 show illustrative interfaces between
a user and a digital assistant;

[0012] FIGS. 6, 7, and 8 show screen captures of illustra-
tive user interfaces (Uls) exposed by a digital assistant;
[0013] FIG. 9 shows an illustrative layered architecture
that includes a digital assistant component and extensibility
client;

[0014] FIG. 10 shows illustrative services exposed by a
digital assistant extensibility service;

[0015] FIG. 11 shows illustrative actions by a developer to
populate a voice command manifest;

[0016] FIG. 12 shows illustrative interactions between an
application and an operating system on a device during
application installation;

[0017] FIG. 13 shows illustrative interactions between an
application and a digital assistant extensibility client during
application runtime;

[0018] FIGS. 14 and 15 show illustrative unified digital
assistant experience scenarios;

[0019] FIGS. 16,17, and 18 show illustrative methods that
may be performed when implementing the present digital
assistant voice input integration;

[0020] FIG. 19 is a simplified block diagram of an illus-
trative computer system such as a personal computer (PC)
that may be used in part to implement the present digital
assistant voice input integration;
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[0021] FIG. 20 shows a block diagram of an illustrative
device that may be used in part to implement the present
digital assistant voice input integration;

[0022] FIG. 21 is a block diagram of an illustrative mobile
device; and
[0023] FIG. 22 is a block diagram of an illustrative mul-

timedia console.

[0024] Like reference numerals indicate like elements in
the drawings. Elements are not drawn to scale unless oth-
erwise indicated. It is emphasized that the particular Uls
displayed in the drawings can vary from what is shown
according to the needs of a particular implementation. While
Uls are shown in portrait mode in the drawings, the present
arrangement may also be implemented using a landscape
mode.

DETAILED DESCRIPTION

[0025] FIG. 1 shows an overview of a digital assistant
voice input integration arrangement 100 in which a device
110 hosts a digital assistant 112. The digital assistant 112
supports an extensibility client 114 that typically interoper-
ates over a communications network 115 with an extensi-
bility service 118 supported by a remote service provider
130. The digital assistant extensibility client 114 is config-
ured to enable interaction with applications 140 to provide
a unified experience to a user 105 across the applications
using the native digital assistant voice, as indicated by
reference numeral 145. The term “unified experience” as
used here means that the user experiences supported by both
applications 140 and the digital assistant 112 have a similar
and consistent sound, look, and feel in most cases and utilize
the same voice so that transitions between the applications
and the digital assistant are handled smoothly and the
experiences are rendered seamlessly to the user.

[0026] The applications 140 can be third party applica-
tions in some cases in which the application authors, devel-
opers, or providers are entities that are not the same as the
provider of the digital assistant 112. First party applications
can also be supported in some implementations of digital
assistant voice input integration. In some cases, the digital
assistant extensibility service 118 may support direct inter-
action with the applications 140, as indicated by line 150 in
FIG. 1.

[0027] Various details of illustrative implementations of
digital assistant voice input integration are now presented.
FIG. 2 shows an illustrative environment 200 in which
various users 105 employ respective devices 110 that com-
municate over the communications network 115. Each
device 110 includes an instance of the digital assistant 112.
The devices 110 can support voice telephony capabilities in
some cases and typically support data-consuming applica-
tions such as Internet browsing and multimedia (e.g., music,
video, etc.) consumption in addition to various other fea-
tures. The devices 110 may include, for example, user
equipment, mobile phones, cell phones, feature phones,
tablet computers, and smartphones which users often
employ to make and receive voice and/or multimedia (i.e.,
video) calls, engage in messaging (e.g., texting) and email
communications, use applications and access services that
employ data, browse the World Wide Web, and the like.
[0028] However, alternative types of electronic devices
are also envisioned to be usable within the communications
environment 100 so long as they are configured with com-
munication capabilities and can connect to the communica-
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tions network 115. Such alternative devices variously
include handheld computing devices, PDAs (personal digital
assistants), portable media players, devices that use headsets
and earphones (e.g., Bluetooth-compatible devices), phablet
devices (i.e., combination smartphone/tablet devices), wear-
able computers, navigation devices such as GPS (Global
Positioning System) systems, laptop PCs (personal comput-
ers), desktop computers, multimedia consoles, gaming sys-
tems, or the like. In the discussion that follows, the use of the
term “device” is intended to cover all devices that are
configured with communication capabilities and are capable
of connectivity to the communications network 115.
[0029] The various devices 110 in the environment 200
can support different features, functionalities, and capabili-
ties (here referred to generally as “features™). Some of the
features supported on a given device can be similar to those
supported on others, while other features may be unique to
a given device. The degree of overlap and/or distinctiveness
among features supported on the various devices 110 can
vary by implementation. For example, some devices 110 can
support touch controls, gesture recognition, and voice com-
mands, while others may enable a more limited Ul Some
devices may support video consumption and Internet brows-
ing, while other devices may support more limited media
handling and network interface features.

[0030] As shown, the devices 110 can access the commu-
nications network 115 in order to implement various user
experiences. The communications network can include any
of a variety of network types and network infrastructure in
various combinations or sub-combinations including cellu-
lar networks, satellite networks, IP (Internet-Protocol) net-
works such as Wi-Fi and Ethernet networks, a public
switched telephone network (PSTN), and/or short range
networks such as Bluetooth® networks. The network infra-
structure can be supported, for example, by mobile opera-
tors, enterprises, Internet service providers (ISPs), telephone
service providers, data service providers, and the like. The
communications network 115 typically includes interfaces
that support a connection to the Internet 220 so that the
mobile devices 110 can access content provided by one or
more content providers 225 and also access the service
provider 130 in some cases. Accordingly, the communica-
tions network 115 is typically enabled to support various
types of device-to-device communications including over-
the-top communications, and communications that do not
utilize conventional telephone numbers in order to provide
connectivity between parties.

[0031] Accessory devices 214, such as wristbands and
other wearable devices may also be present in the environ-
ment 200. Such accessory device 214 typically is adapted to
interoperate with a device 110 using a short range commu-
nication protocol like Bluetooth to support functions such as
monitoring of the wearer’s physiology (e.g., heart rate, steps
taken, calories burned, etc.) and environmental conditions
(temperature, humidity, ultra-violet (UV) levels, etc.), and
surfacing notifications from the coupled device 110.
[0032] FIG. 3 shows an illustrative taxonomy of functions
300 that may typically be supported by the digital assistant
112 either natively or in combination with an application
140. Inputs to the digital assistant 112 typically can include
user input 305, data from internal sources 310, and data from
external sources 315 which can include third-party content
318. For example, data from internal sources 310 could
include the current location of the device 110 that is reported
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by a GPS (Global Positioning System) component on the
device, or some other location-aware component. The exter-
nally sourced data 315 includes data provided, for example,
by external systems, databases, services, and the like such as
the service provider 130 (FIG. 1).

[0033] The various inputs can be used alone or in various
combinations to enable the digital assistant 112 to utilize
contextual data 320 when it operates. Contextual data can
include, for example, time/date, the user’s location, lan-
guage, schedule, applications installed on the device, the
user’s preferences, the user’s behaviors (in which such
behaviors are monitored/tracked with notice to the user and
the user’s consent), stored contacts (including, in some
cases, links to a local user’s or remote user’s social graph
such as those maintained by external social networking
services), call history, messaging history, browsing history,
device type, device capabilities, communication network
type and/or features/functionalities provided therein, mobile
data plan restrictions/limitations, data associated with other
parties to a communication (e.g., their schedules, prefer-
ences, etc.), and the like.

[0034] As shown, the functions 300 illustratively include
interacting with the user 325 (through the natural language
UT and other graphical Uls, for example); performing tasks
330 (e.g., making note of appointments in the user’s calen-
dar, sending messages and emails, etc.); providing services
335 (e.g., answering questions from the user, mapping
directions to a destination, setting alarms, forwarding noti-
fications, reading emails, news, blogs, etc.); gathering infor-
mation 340 (e.g., finding information requested by the user
about a book or movie, locating the nearest Italian restau-
rant, etc.); operating devices 345 (e.g., setting preferences,
adjusting screen brightness, turning wireless connections
such as Wi-Fi and Bluetooth on and off, communicating with
other devices, controlling smart appliances, etc.); and per-
forming various other functions 350. The list of functions
300 is not intended to be exhaustive and other functions may
be provided by the digital assistant 112 and/or applications
140 as may be needed for a particular implementation of the
present digital assistant voice input integration.

[0035] As shown in FIG. 4, the digital assistant 112 can
employ a voice recognition system 450 having a user
interface (UI) that can take voice inputs 410 as inputs from
the user 105. The voice inputs 410 can be used to invoke
various actions, features, and functions on a device 110,
provide inputs to the systems and applications, and the like.
In some cases, the voice inputs 410 can be utilized on their
own in support of a particular user experience while in other
cases the voice input can be utilized in combination with
other non-voice inputs or inputs such as those implementing
physical controls on the device or virtual controls imple-
mented on a Ul or those using gestures (as described below).
[0036] The digital assistant 112 can also employ a gesture
recognition system 505 having a Ul as shown in FIG. 5.
Here, the system 505 can sense gestures 510 performed by
the user 105 as inputs to invoke various actions, features,
and functions on a device 110, provide inputs to the systems
and applications, and the like. The user gestures 510 can be
sensed using various techniques such as optical sensing,
touch sensing, proximity sensing, and the like. In some
cases, various combinations of voice commands, gestures,
and physical manipulation of real or virtual controls can be
utilized to interact with the digital assistant. In some sce-
narios, the digital assistant can be automatically invoked.
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For example, as the digital assistant typically maintains
awareness of device state and other context, the digital
assistant may be invoked by specific context such as user
input, received notifications, or detected events.

[0037] The digital assistant 112 can be exposed to the user
105 through a Ul that is displayed on the device 110. For
example, FIGS. 6, 7, and 8 show various illustrative screen
captures of Uls that may be utilized by the digital assistant.
It is emphasized that the particular Uls displayed in the
drawings can vary from what is shown according to the
needs of a particular implementation. Ul 600 in FIG. 6
shows the digital assistant (named “Cortana” in this illus-
trative example) represented by a tile 605 that is displayed
along with tiles representing other applications or user
experiences on a start screen of a device. The digital
assistant may also be configured to be launched from any
location within any Ul on the device, or from within any
current user experience. For example, the user 105 can be on
a phone call, browsing the web, watching a video, or
listening to music, and simultaneously launch the digital
assistant from within any of those experiences. In some
cases the digital assistant can be launched through manipu-
lation of a physical or virtual user control, and/or by voice
command and/or gesture in other cases.

[0038] When the user invokes the digital assistant, for
example, by touching the tile 605 or by invoking a voice
command (e.g., “Hey Cortana”) or gesture, a Ul 700 shown
in FIG. 7 is displayed on the device 110 that includes a text
string 705 that asks the user if something is needed. In
alternative implementations, text to voice translation can be
employed so that an audio message can be played in place
of, or to supplement the text string 705. As shown, the Ul
includes a box 710 that is configured for showing a textual
representation of a received voice command or other user
input.

[0039] One or more graphic objects 715 can be displayed
on the UI 700 to represent the digital assistant to the user.
The graphic object 715 in this example is a circular shape
that can be animated so that, for example, it changes its
shape, color, transparency, motion, or appearance as the
digital assistant performs tasks, provides information, inter-
acts with the user, etc.

[0040] As shown inthe UI 800 in FIG. 8, the user has input
the string 805 “Go to Facebook™ into the box 810 using, for
example, keypad or voice input. In response to the input, the
digital assistant can launch a third party application on the
device 110 as illustratively described in the use scenarios
shown in FIGS. 14 and 15 and described in the accompa-
nying text.

[0041] FIG. 9 shows an illustrative layered architecture
900 that may be instantiated on a given device 110. The
architecture 900 is typically implemented in software,
although combinations of software, firmware, and/or hard-
ware may also be utilized in some cases. The architecture
900 is arranged in layers and includes an application layer
905, an OS (operating system) layer 910, and a hardware
layer 915. The hardware layer 915 provides an abstraction of
the various hardware used by the device 110 (e.g., input and
output devices, networking and radio hardware, etc.) to the
layers above it. In this illustrative example, the hardware
layers support a microphone 920 and an audio endpoint 925
which may include, for example, the device’s internal
speaker, a wired or wireless headset/earpiece, external
speaker/device, and the like.
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[0042] The application layer 905 in this illustrative
example supports various applications 140 (e.g., web
browser, map application, email application, news applica-
tion, etc.), as well as the digital assistant extensibility client
114. The applications are often implemented using locally
executing code. However in some cases, these applications
may rely on services and/or remote code execution provided
by remote servers or other computing platforms such as
those supported by the service provider 130 or other cloud-
based resources. While the digital assistant extensibility
client 114 is shown here as a component that is instantiated
in the application layer 905, it will be appreciated that the
functionality provided by a given application may be imple-
mented, in whole or part, using components that are sup-
ported in either the OS or hardware layers.

[0043] The OS layer 910 supports the digital assistant 112
and various other OS components 955. In typical implemen-
tations, the digital assistant 112 can interact with the service
provider 130, as indicated by line 960. That is, the digital
assistant 112 in some implementations can partially utilize
or fully utilize remote code execution supported at the
service provider 130, or using other remote resources. In
addition, it may utilize and/or interact with the other OS
components 955 (and/or other components that are instan-
tiated in the other layers of the architecture 900) as may be
needed to implement the various features and functions
described herein. In some implementations, some or all of
the functionalities supported by the digital assistant exten-
sibility client 114 can be incorporated into the digital assis-
tant as shown by the dashed rectangle in FIG. 9.

[0044] FIG. 10 shows illustrative services 1000 that may
be exposed by the remote digital assistant extensibility
service 118 to the applications 140. The services 1000 can be
implemented and/rendered locally on the device 110 in
whole or part by the extensibility client 114. Alternatively,
some or all of the services may be directly provided to the
applications from the extensibility service 118 in some cases
using interfaces (not shown) that enable remote access. The
service provider 130 may access other services from a
variety of providers, such as the search service 235, as may
be needed to support the provisioning of the services 1000.
[0045] The language services 1010 can support utilization
of different languages by the applications when providing
their unified user experiences. For example, some applica-
tions may be utilized in multi-lingual settings while other
applications may have regional or global distribution that
make it appealing to support multiple languages. The
vocabulary services 1015 may support application utiliza-
tion of specialized and/or industry-specific vocabularies. For
example, technical and scientific vocabularies can be sup-
ported for an application dealing with computer and tech-
nology news. Thus, a news reading application could access
the vocabulary services 1015 so that a particular term is
correctly pronounced when an article is read aloud to the
user 105.

[0046] The voice services 1020 may support utilization of
different voices by the applications when providing their
unified user experiences. The voice may include, in various
implementations voices associated with human actors of
different genders, ages, backgrounds, etc., and different
accents may also be supported in some instances. Thus, for
example, a given application may utilize different voices for
different aspects of their user experience. The synthesized
text to speech services 1025 may be utilized by an applica-
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tion in cases when a word or text object is not recognized
and/or is not a member of an accessible vocabulary library.
Here, a word or phrase can be artificially generated to mimic
a human speaker and appropriately placed into the outgoing
voice stream as the application executes.

[0047] The arrangement may be configured in a manner
that simplifies the amount of work needed by developers to
integrate applications to provide unified digital assistant user
experiences. As shown in FIG. 11, during application devel-
opment time (indicated by reference numeral 1105), an
application developer 1110 can populate a voice command
manifest 1115 that is associated with an application 140.
Typically, the manifest can be populated with declarative
code 1120 using XML (eXtensible Markup Language) and
the like that define word commands offered by the applica-
tion 140 that may be offered to the system to render a
particular user experience. Scripting may also be utilized in
some implementations. Alternatively, procedural code or
combinations of declarative and procedural code types may
be utilized. Accordingly, within the context supported by a
given application domain, certain voice commands will
invoke particular application behaviors. Supporting a simple
declarative manifest 1115 provides the developer with an
easy way to register and modify voice commands with the
digital assistant.

[0048] As shown in FIG. 12, during installation of the
application 140 on a device 110 (indicated by reference
numeral 1205), an application package manifest 1215, or
similar installation package that is utilized to validate and
deploy the application, is configured to launch a request
1220 to access digital assistant resources. Typically, the
request describes the extensibility points of interaction for
the application, a description of capabilities and resources
required, and the like to facilitate interaction between the
application with the operating system 1250 and/or digital
assistant components executing thereon.

[0049] As shown in FIG. 13, during application launch at
runtime on a device 110 (indicated by reference numeral
1305) in a runtime environment 1310, the application can
load its voice command manifest 1115 through an applica-
tion programming interface (API) 1315 exposed by the
digital assistant extensibility client 114. During runtime, the
extensibility client can listen for registered voice commands
and map the commands to the appropriate application for
consumption, for example, as input events. The application
can thus render its unified experience using the digital
assistant and accessing the related services (as shown in
FIG. 10 and described in the accompanying text).

[0050] FIGS. 14 and 15 show illustrative unified digital
assistant experience scenarios. In FIG. 14, the user 105 has
interactions with the digital assistant 112 operating on
device 110. When the user invokes the name of a particular
application 140, named “News Center” in this example, the
digital assistant opens the application and loads its voice
command manifest. The digital assistant speaks to the user
to confirm the actions it is taking.

[0051] When the application 140 is launched, it takes
control of the digital assistant user experience and renders
the experience using the voice of the digital assistant. This
makes transition between the digital assistant and applica-
tion domains appear seamless to the user. In this illustrative
example, as shown, the user requests that the news headlines
be read aloud and the application complies by parsing
chunks of text and having them read aloud by the digital
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assistant. The application can utilize the services 1000 (FIG.
10) as may be needed to support the user experience with the
application’s particular context. In this illustrative example,
the News Center application is a third party application, but
similar features and user experiences can be implemented
using first party applications as well.

[0052] In FIG. 15, the user invokes another application
140 by name, here “Skype Blogs.” The digital assistant 112
launches that application and loads its voice command
manifest. In some cases, multiple applications may be
opened at the same time and the digital assistant extensibil-
ity client can map incoming voice inputs to the appropriate
application according to the registered voice command from
the manifests and available contextual data.

[0053] FIG. 16 shows a flowchart of an illustrative method
1600 for operating a digital assistant on a device. Unless
specifically stated, the methods or steps shown in the flow-
charts and described in the accompanying text are not
constrained to a particular order or sequence. In addition,
some of the methods or steps thereof can occur or be
performed concurrently and not all the methods or steps
have to be performed in a given implementation depending
on the requirements of such implementation and some
methods or steps may be optionally utilized.

[0054] In step 1605, an interface is exposed for receiving
application-specific voice commands from manifests asso-
ciated with respective applications installed on the device. A
user interface is configured to receive voice commands from
the device user in step 1610. In step 1615, the received voice
commands are mapped to respective applications according
to the manifests, and the mapped commands are forwarded
for application handling in step 1620.

[0055] In step 1625, the digital assistant and/or applica-
tions can render user experiences on the device using one
voice to smooth transitions and minimize disruptions as user
focus switches among applications on the device. In step
1630, options can be surfaced to the user through a user
interface for controlling characteristics of the one voice,
such as language and voice preferences. Contextual data can
also be used when performing the mapping in step 1635.

[0056] In step 1640, digital assistant extensibility services
(such as services 1000 shown in FIG. 10 and described in the
accompanying text) may be exposed to the applications. The
digital assistant can be operated in its usual and normal
fashion to supplement the integrated application experiences
in step 1645.

[0057] FIG. 17 is a flowchart of an illustrative method
1700 that may be implemented on a device (e.g., device
110). In step 1705, a context-aware digital assistant is
exposed on the device in which context-awareness, at least
in part, can be gained by monitoring user behaviors and
interactions with the device (typically, with notice to the user
and consent). In step 1710, voice commands from the user
are listened for. In step 1715, the context-awareness is used
to deliver voice commands to applications for handling. The
applications can utilize one or more voices associated with
the digital assistant when rendering user experiences on the
device using the delivered voice command in step 1720.

[0058] In step 1725, applications can opt in to digital
assistant extensibility services. The applications can also
load application-specific voice commands from their mani-
fests that may be used to customize user experiences to the
application’s domain in step 1730. In step 1735, application-
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specific voice commands can be mapped to particular appli-
cations for consumption as input events.

[0059] FIG. 18 shows an illustrative method 1800 that
may be utilized by a service provider. In step 1805, one or
more servers at the provider can interoperate with a digital
assistant extensibility client running on a local device. In
step 1810, digital assistant extensibility services are main-
tained which are provided to the applications through the
local extensibility client in step 1815.

[0060] FIG. 19 is a simplified block diagram of an illus-
trative computer system 1900 such as a PC, client machine,
or server with which the present digital assistant voice input
integration may be implemented. Computer system 1900
includes a processor 1905, a system memory 1911, and a
system bus 1914 that couples various system components
including the system memory 1911 to the processor 1905.
The system bus 1914 may be any of several types of bus
structures including a memory bus or memory controller, a
peripheral bus, or a local bus using any of a variety of bus
architectures. The system memory 1911 includes read only
memory (ROM) 1917 and random access memory (RAM)
1921. A basic input/output system (BIOS) 1925, containing
the basic routines that help to transfer information between
elements within the computer system 1900, such as during
startup, is stored in ROM 1917. The computer system 1900
may further include a hard disk drive 1928 for reading from
and writing to an internally disposed hard disk (not shown),
a magnetic disk drive 1930 for reading from or writing to a
removable magnetic disk 1933 (e.g., a floppy disk), and an
optical disk drive 1938 for reading from or writing to a
removable optical disk 1943 such as a CD (compact disc),
DVD (digital versatile disc), or other optical media. The
hard disk drive 1928, magnetic disk drive 1930, and optical
disk drive 1938 are connected to the system bus 1914 by a
hard disk drive interface 1946, a magnetic disk drive inter-
face 1949, and an optical drive interface 1952, respectively.
The drives and their associated computer-readable storage
media provide non-volatile storage of computer-readable
instructions, data structures, program modules, and other
data for the computer system 1900. Although this illustrative
example includes a hard disk, a removable magnetic disk
1933, and a removable optical disk 1943, other types of
computer-readable storage media which can store data that
is accessible by a computer such as magnetic cassettes, Flash
memory cards, digital video disks, data cartridges, random
access memories (RAMs), read only memories (ROMs), and
the like may also be used in some applications of the present
digital assistant. In addition, as used herein, the term com-
puter-readable storage media includes one or more instances
of a media type (e.g., one or more magnetic disks, one or
more CDs, etc.). For purposes of this specification and the
claims, the phrase “computer-readable storage media” and
variations thereof, does not include waves, signals, and/or
other transitory and/or intangible communication media.

[0061] A number of program modules may be stored on
the hard disk, magnetic disk 1933, optical disk 1943, ROM
1917, or RAM 1921, including an operating system 1955,
one or more application programs 1957, other program
modules 1960, and program data 1963. A user may enter
commands and information into the computer system 1900
through input devices such as a keyboard 1966 and pointing
device 1968 such as a mouse. Other input devices (not
shown) may include a microphone, joystick, game pad,
satellite dish, scanner, trackball, touchpad, touch screen,
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touch-sensitive device, voice-command module or device,
user motion or user gesture capture device, or the like. These
and other input devices are often connected to the processor
1905 through a serial port interface 1971 that is coupled to
the system bus 1914, but may be connected by other
interfaces, such as a parallel port, game port, or universal
serial bus (USB). A monitor 1973 or other type of display
device is also connected to the system bus 1914 via an
interface, such as a video adapter 1975. In addition to the
monitor 1973, personal computers typically include other
peripheral output devices (not shown), such as speakers and
printers. The illustrative example shown in FIG. 19 also
includes a host adapter 1978, a Small Computer System
Interface (SCSI) bus 1983, and an external storage device
1976 connected to the SCSI bus 1983.

[0062] The computer system 1900 is operable in a net-
worked environment using logical connections to one or
more remote computers, such as a remote computer 1988.
The remote computer 1988 may be selected as another
personal computer, a server, a router, a network PC, a peer
device, or other common network node, and typically
includes many or all of the elements described above
relative to the computer system 1900, although only a single
representative remote memory/storage device 1990 is shown
in FIG. 19. The logical connections depicted in FIG. 19
include a local area network (LAN) 1993 and a wide area
network (WAN) 1995. Such networking environments are
often deployed, for example, in offices, enterprise-wide
computer networks, intranets, and the Internet.

[0063] When used in a LAN networking environment, the
computer system 1900 is connected to the local area network
1993 through a network interface or adapter 1996. When
used in a WAN networking environment, the computer
system 1900 typically includes a broadband modem 1998,
network gateway, or other means for establishing commu-
nications over the wide area network 1995, such as the
Internet. The broadband modem 1998, which may be inter-
nal or external, is connected to the system bus 1914 via a
serial port interface 1971. In a networked environment,
program modules related to the computer system 1900, or
portions thereof, may be stored in the remote memory
storage device 1990. It is noted that the network connections
shown in FIG. 19 are illustrative and other means of
establishing a communications link between the computers
may be used depending on the specific requirements of an
application of the present digital assistant voice input inte-
gration.

[0064] FIG. 20 shows an illustrative architecture 2000 for
a device capable of executing the various components
described herein for providing the present digital assistant
voice input integration. Thus, the architecture 2000 illus-
trated in FIG. 20 shows an architecture that may be adapted
for a server computer, mobile phone, a PDA, a smartphone,
a desktop computer, a netbook computer, a tablet computer,
GPS device, gaming console, and/or a laptop computer. The
architecture 2000 may be utilized to execute any aspect of
the components presented herein.

[0065] The architecture 2000 illustrated in FIG. 20
includes a CPU (Central Processing Unit) 2002, a system
memory 2004, including a RAM 2006 and a ROM 2008, and
a system bus 2010 that couples the memory 2004 to the CPU
2002. A basic input/output system containing the basic
routines that help to transfer information between elements
within the architecture 2000, such as during startup, is stored
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in the ROM 2008. The architecture 2000 further includes a
mass storage device 2012 for storing software code or other
computer-executed code that is utilized to implement appli-
cations, the file system, and the operating system.

[0066] The mass storage device 2012 is connected to the
CPU 2002 through a mass storage controller (not shown)
connected to the bus 2010. The mass storage device 2012
and its associated computer-readable storage media provide
non-volatile storage for the architecture 2000.

[0067] Although the description of computer-readable
storage media contained herein refers to a mass storage
device, such as a hard disk or CD-ROM drive, it should be
appreciated by those skilled in the art that computer-read-
able storage media can be any available storage media that
can be accessed by the architecture 2000.

[0068] By way of example, and not limitation, computer-
readable storage media may include volatile and non-vola-
tile, removable and non-removable media implemented in
any method or technology for storage of information such as
computer-readable instructions, data structures, program
modules, or other data. For example, computer-readable
media includes, but is not limited to, RAM, ROM, EPROM
(erasable programmable read only memory), EEPROM
(electrically erasable programmable read only memory),
Flash memory or other solid state memory technology,
CD-ROM, DVDs, HD-DVD (High Definition DVD), Blu-
ray, or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can be accessed by the
architecture 2000.

[0069] According to various embodiments, the architec-
ture 2000 may operate in a networked environment using
logical connections to remote computers through a network.
The architecture 2000 may connect to the network through
a network interface unit 2016 connected to the bus 2010. It
should be appreciated that the network interface unit 2016
also may be utilized to connect to other types of networks
and remote computer systems. The architecture 2000 also
may include an input/output controller 2018 for receiving
and processing input from a number of other devices,
including a keyboard, mouse, or electronic stylus (not shown
in FIG. 20). Similarly, the input/output controller 2018 may
provide output to a display screen, a printer, or other type of
output device (also not shown in FIG. 20).

[0070] It should be appreciated that the software compo-
nents described herein may, when loaded into the CPU 2002
and executed, transform the CPU 2002 and the overall
architecture 2000 from a general-purpose computing system
into a special-purpose computing system customized to
facilitate the functionality presented herein. The CPU 2002
may be constructed from any number of transistors or other
discrete circuit elements, which may individually or collec-
tively assume any number of states. More specifically, the
CPU 2002 may operate as a finite-state machine, in response
to executable instructions contained within the software
modules disclosed herein. These computer-executable
instructions may transform the CPU 2002 by specifying how
the CPU 2002 transitions between states, thereby transform-
ing the transistors or other discrete hardware elements
constituting the CPU 2002.

[0071] Encoding the software modules presented herein
also may transform the physical structure of the computer-
readable storage media presented herein. The specific trans-
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formation of physical structure may depend on various
factors, in different implementations of this description.
Examples of such factors may include, but are not limited to,
the technology used to implement the computer-readable
storage media, whether the computer-readable storage
media is characterized as primary or secondary storage, and
the like. For example, if the computer-readable storage
media is implemented as semiconductor-based memory, the
software disclosed herein may be encoded on the computer-
readable storage media by transforming the physical state of
the semiconductor memory. For example, the software may
transform the state of transistors, capacitors, or other dis-
crete circuit elements constituting the semiconductor
memory. The software also may transform the physical state
of such components in order to store data thereupon.
[0072] As another example, the computer-readable storage
media disclosed herein may be implemented using magnetic
or optical technology. In such implementations, the software
presented herein may transform the physical state of mag-
netic or optical media, when the software is encoded therein.
These transformations may include altering the magnetic
characteristics of particular locations within given magnetic
media. These transformations also may include altering the
physical features or characteristics of particular locations
within given optical media to change the optical character-
istics of those locations. Other transformations of physical
media are possible without departing from the scope and
spirit of the present description, with the foregoing examples
provided only to facilitate this discussion.

[0073] In light of the above, it should be appreciated that
many types of physical transformations take place in the
architecture 2000 in order to store and execute the software
components presented herein. It also should be appreciated
that the architecture 2000 may include other types of com-
puting devices, including handheld computers, embedded
computer systems, smartphones, PDAs, and other types of
computing devices known to those skilled in the art. It is also
contemplated that the architecture 2000 may not include all
of the components shown in FIG. 20, may include other
components that are not explicitly shown in FIG. 20, or may
utilize an architecture completely different from that shown
in FIG. 20.

[0074] FIG. 21 is a functional block diagram of an illus-
trative device 110 such as a mobile phone or smartphone
including a variety of optional hardware and software com-
ponents, shown generally at 2102. Any component 2102 in
the mobile device can communicate with any other compo-
nent, although, for ease of illustration, not all connections
are shown. The mobile device can be any of a variety of
computing devices (e.g., cell phone, smartphone, handheld
computer, PDA, etc.) and can allow wireless two-way
communications with one or more mobile communication
networks 2104, such as a cellular or satellite network.

[0075] The illustrated device 110 can include a controller
or processor 2110 (e.g., signal processor, microprocessor,
microcontroller, ASIC (Application Specific Integrated Cir-
cuit), or other control and processing logic circuitry) for
performing such tasks as signal coding, data processing,
input/output processing, power control, and/or other func-
tions. An operating system 2112 can control the allocation
and usage of the components 2102, including power states,
above-lock states, and below-lock states, and provides sup-
port for one or more application programs 2114. The appli-
cation programs can include common mobile computing
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applications (e.g., image-capture applications, email appli-
cations, calendars, contact managers, web browsers, mes-
saging applications), or any other computing application.
[0076] The illustrated device 110 can include memory
2120. Memory 2120 can include non-removable memory
2122 and/or removable memory 2124. The non-removable
memory 2122 can include RAM, ROM, Flash memory, a
hard disk, or other well-known memory storage technolo-
gies. The removable memory 2124 can include Flash
memory or a Subscriber Identity Module (SIM) card, which
is well known in GSM (Global System for Mobile commu-
nications) systems, or other well-known memory storage
technologies, such as “smart cards.” The memory 2120 can
be used for storing data and/or code for running the oper-
ating system 2112 and the application programs 2114.
Example data can include web pages, text, images, sound
files, video data, or other data sets to be sent to and/or
received from one or more network servers or other devices
via one or more wired or wireless networks.

[0077] The memory 2120 may also be arranged as, or
include, one or more computer-readable storage media
implemented in any method or technology for storage of
information such as computer-readable instructions, data
structures, program modules or other data. For example,
computer-readable media includes, but is not limited to,
RAM, ROM, EPROM, EEPROM, Flash memory or other
solid state memory technology, CD-ROM (compact-disc
ROM), DVD, (Digital Versatile Disc) HD-DVD (High Defi-
nition DVD), Blu-ray, or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be
used to store the desired information and which can be
accessed by the device 110.

[0078] The memory 2120 can be used to store a subscriber
identifier, such as an International Mobile Subscriber Iden-
tity (IMSI), and an equipment identifier, such as an Inter-
national Mobile Equipment Identifier (IMEI). Such identi-
fiers can be transmitted to a network server to identify users
and equipment. The device 110 can support one or more
input devices 2130; such as a touch screen 2132; micro-
phone 2134 for implementation of voice input for voice
recognition, voice commands and the like; camera 2136;
physical keyboard 2138; trackball 2140; and/or proximity
sensor 2142; and one or more output devices 2150, such as
a speaker 2152 and one or more displays 2154. Other input
devices (not shown) using gesture recognition may also be
utilized in some cases. Other possible output devices (not
shown) can include piezoelectric or haptic output devices.
Some devices can serve more than one input/output func-
tion. For example, touchscreen 2132 and display 2154 can
be combined into a single input/output device.

[0079] A wireless modem 2160 can be coupled to an
antenna (not shown) and can support two-way communica-
tions between the processor 2110 and external devices, as is
well understood in the art. The modem 2160 is shown
generically and can include a cellular modem for commu-
nicating with the mobile communication network 2104
and/or other radio-based modems (e.g., Bluetooth 2164 or
Wi-Fi 2162). The wireless modem 2160 is typically config-
ured for communication with one or more cellular networks,
such as a GSM network for data and voice communications
within a single cellular network, between cellular networks,
or between the device and a public switched telephone
network (PSTN).
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[0080] The device can further include at least one input/
output port 2180, a power supply 2182, a satellite navigation
system receiver 2184, such as a GPS receiver, an acceler-
ometer 2186, a gyroscope (not shown), and/or a physical
connector 2190, which can be a USB port, IEEE 1394
(FireWire) port, and/or an RS-232 port. The illustrated
components 2102 are not required or all-inclusive, as any
components can be deleted and other components can be
added.

[0081] FIG. 22 is an illustrative functional block diagram
of a multimedia console 110,. The multimedia console 110,
has a central processing unit (CPU) 2201 having a level 1
cache 2202, a level 2 cache 2204, and a Flash ROM (Read
Only Memory) 2206. The level 1 cache 2202 and the level
2 cache 2204 temporarily store data and hence reduce the
number of memory access cycles, thereby improving pro-
cessing speed and throughput. The CPU 2201 may be
configured with more than one core, and thus, additional
level 1 and level 2 caches 2202 and 2204. The Flash ROM
2206 may store executable code that is loaded during an
initial phase of a boot process when the multimedia console
110, is powered ON.

[0082] A graphics processing unit (GPU) 2208 and a video
encoder/video codec (coder/decoder) 2214 form a video
processing pipeline for high speed and high resolution
graphics processing. Data is carried from the GPU 2208 to
the video encoder/video codec 2214 via a bus. The video
processing pipeline outputs data to an A/V (audio/video)
port 2240 for transmission to a television or other display. A
memory controller 2210 is connected to the GPU 2208 to
facilitate processor access to various types of memory 2212,
such as, but not limited to, a RAM.

[0083] The multimedia console 110, includes an I/O con-
troller 2220, a system management controller 2222, an audio
processing unit 2223, a network interface controller 2224, a
first USB (Universal Serial Bus) host controller 2226, a
second USB controller 2228, and a front panel 1/O subas-
sembly 2230 that are preferably implemented on a module
2218. The USB controllers 2226 and 2228 serve as hosts for
peripheral controllers 2242(1) and 2242(2), a wireless
adapter 2248, and an external memory device 2246 (e.g.,
Flash memory, external CD/DVD ROM drive, removable
media, etc.). The network interface controller 2224 and/or
wireless adapter 2248 provide access to a network (e.g., the
Internet, home network, etc.) and may be any of a wide
variety of various wired or wireless adapter components
including an Ethernet card, a modem, a Bluetooth module,
a cable modem, or the like.

[0084] System memory 2243 is provided to store applica-
tion data that is loaded during the boot process. A media
drive 2244 is provided and may comprise a DVD/CD drive,
hard drive, or other removable media drive, etc. The media
drive 2244 may be internal or external to the multimedia
console 110,. Application data may be accessed via the
media drive 2244 for execution, playback, etc. by the
multimedia console 110,. The media drive 2244 is con-
nected to the 1/O controller 2220 via a bus, such as a Serial
ATA bus or other high speed connection (e.g., IEEE 1394).
[0085] The system management controller 2222 provides
a variety of service functions related to assuring availability
of the multimedia console 110,. The audio processing unit
2223 and an audio codec 2232 form a corresponding audio
processing pipeline with high fidelity and stereo processing.
Audio data is carried between the audio processing unit
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2223 and the audio codec 2232 via a communication link.
The audio processing pipeline outputs data to the AN port
2240 for reproduction by an external audio player or device
having audio capabilities.

[0086] The front panel I/O subassembly 2230 supports the
functionality of the power button 2250 and the eject button
2252, as well as any LEDs (light emitting diodes) or other
indicators exposed on the outer surface of the multimedia
console 110,. A system power supply module 2239 provides
power to the components of the multimedia console 110,. A
fan 2238 cools the circuitry within the multimedia console
110,.

[0087] The CPU 2201, GPU 2208, memory controller
2210, and various other components within the multimedia
console 110, are interconnected via one or more buses,
including serial and parallel buses, a memory bus, a periph-
eral bus, and a processor or local bus using any of a variety
of bus architectures. By way of example, such architectures
can include a Peripheral Component Interconnects (PCI)
bus, PCI-Express bus, etc.

[0088] When the multimedia console 110,, is powered ON,
application data may be loaded from the system memory
2243 into memory 2212 and/or caches 2202 and 2204 and
executed on the CPU 2201. The application may present a
graphical user interface that provides a consistent user
experience when navigating to different media types avail-
able on the multimedia console 110,,. In operation, applica-
tions and/or other media contained within the media drive
2244 may be launched or played from the media drive 2244
to provide additional functionalities to the multimedia con-
sole 110,.

[0089] The multimedia console 110, may be operated as a
standalone system by simply connecting the system to a
television or other display. In this standalone mode, the
multimedia console 110, allows one or more users to interact
with the system, watch movies, or listen to music. However,
with the integration of broadband connectivity made avail-
able through the network interface controller 2224 or the
wireless adapter 2248, the multimedia console 110, may
further be operated as a participant in a larger network
community.

[0090] When the multimedia console 110,, is powered ON,
a set amount of hardware resources are reserved for system
use by the multimedia console operating system. These
resources may include a reservation of memory (e.g., 16
MB), CPU and GPU cycles (e.g., 5%), networking band-
width (e.g., 8 kbps), etc. Because these resources are
reserved at system boot time, the reserved resources do not
exist from the application’s view.

[0091] In particular, the memory reservation preferably is
large enough to contain the launch kernel, concurrent system
applications, and drivers. The CPU reservation is preferably
constant such that if the reserved CPU usage is not used by
the system applications, an idle thread will consume any
unused cycles.

[0092] With regard to the GPU reservation, lightweight
messages generated by the system applications (e.g., pop-
ups) are displayed by using a GPU interrupt to schedule code
to render pop-ups into an overlay. The amount of memory
needed for an overlay depends on the overlay area size and
the overlay preferably scales with screen resolution. Where
a full user interface is used by the concurrent system
application, it is preferable to use a resolution independent



US 2019/0066685 Al

of application resolution. A scaler may be used to set this
resolution such that the need to change frequency and cause
a TV re-sync is eliminated.

[0093] After the multimedia console 110, boots and sys-
tem resources are reserved, concurrent system applications
execute to provide system functionalities. The system func-
tionalities are encapsulated in a set of system applications
that execute within the reserved system resources described
above. The operating system kernel identifies threads that
are system application threads versus gaming application
threads. The system applications are preferably scheduled to
run on the CPU 2201 at predetermined times and intervals
in order to provide a consistent system resource view to the
application. The scheduling is to minimize cache disruption
for the gaming application running on the console.

[0094] When a concurrent system application requires
audio, audio processing is scheduled asynchronously to the
gaming application due to time sensitivity. A multimedia
console application manager (described below) controls the
gaming application audio level (e.g., mute, attenuate) when
system applications are active.

[0095] Input devices (e.g., controllers 2242(1) and 2242
(2)) are shared by gaming applications and system applica-
tions. The input devices are not reserved resources, but are
to be switched between system applications and the gaming
application such that each will have a focus of the device.
The application manager preferably controls the switching
of input stream, without knowledge of the gaming applica-
tion’s knowledge and a driver maintains state information
regarding focus switches.

[0096] Various exemplary embodiments of the present
digital assistant voice input integration are now presented by
way of illustration and not as an exhaustive list of all
embodiments. An example includes a method for imple-
menting extensibility of a digital assistant operating on a
device to one or more applications, comprising: exposing an
interface for receiving application-specific voice commands
from manifests associated with respective ones of the appli-
cations; configuring a user interface to receive voice com-
mands from a device user; mapping the voice commands
received at the user interface to respective ones of the
applications according to the manifests; and forwarding the
voice commands to the applications for handling in response
to the mapping.

[0097] In another example, the method further includes
rendering user experiences supported by the applications
using a voice associated with the digital assistant so that user
experiences across the applications utilize one voice. In
another example, the method further includes surfacing
options to the device user for controlling characteristics of
the one voice, the characteristics including one of language,
gender associated with the one voice, or accent associated
with the one voice. In another example, the method further
includes using contextual data when performing the voice
command mapping. In another example, the contextual data
comprises one or more of time/date, location of the user or
device, language, schedule, applications installed on the
device, user preferences, user behaviors, user activities,
stored contacts, call history, messaging history, browsing
history, device type, device capabilities, or communication
network type. In another example, the method further
includes providing services to the applications, the services
including one or more of language services, vocabulary
services, voice services, or synthesized text to speech ser-
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vices. In another example, the voice services are arranged to
enable the applications to switch among different voices
when rendering the user experiences. In another example,
the method further includes including receiving portions of
the services from a remote service provider. In another
example, the method further includes supporting the inter-
face with an extensibility client that is configured for inter-
action with the remote service provider. In another example,
the method further includes configuring the digital assistant,
responsively to voice input, gesture input, or manual input
for performing at least one of sharing contact information,
sharing a stored contact, scheduling a meeting, looking at a
user’s calendar, scheduling a reminder, making a call, oper-
ating a device, playing games, making purchases, taking
notes, scheduling an alarm or wake-up reminder, sending a
message, checking social media for updates, scraping a
website, interacting with a search service, sharing or show-
ing files, sending a link to a website, or sending a link to a
resource.

[0098] A further example includes a device, comprising:
one or more processors; a user interface (UI) for interacting
with a user of the device using graphics and audio; and a
memory device storing code associated with one or more
applications and computer-readable instructions which,
when executed by the one or more processors, perform a
method comprising the steps of: exposing a digital assistant
on the device for maintaining context-awareness for a device
user by monitoring user behaviors and interactions with the
device, the digital assistant further interacting with the
device user using voice interactions through the UL, listening
for voice commands from the device user, using the context-
awareness to deliver a voice command to an application for
handling, and enabling the one or more applications to
utilize one or more voices associated with the digital assis-
tant when rendering user experiences on the device using the
delivered voice command.

[0099] In another example, the device further includes
enabling the one or more applications to opt in to digital
assistant extensibility services surfaced by a local client
operating on the device. In another example, the device
further includes enabling the one or more applications to
load application-specific voice commands from a manifest
into a runtime environment for execution. In another
example, the manifest is populated using declarative
markup. In another example, the device further includes
mapping instances of the application-specific voice com-
mands to the applications for consumption as input events.
In another example, the application parses one or more
chunks of text for the digital assistant to read aloud using the
digital assistant’s native voice.

[0100] A further example includes one or more computer-
readable memory devices storing instructions which, when
executed by one or more processors disposed in a computer
server, perform a method comprising the steps of: interop-
erating with a digital assistant extensibility client on a local
device, the digital assistant extensibility client exposing an
application programming interface (API) to one or more
applications being executable on the device; maintaining
digital assistant extensibility services including at least one
of'1) language services that enable applications to use one or
more different languages when rendering a user experience
on the local device, ii) vocabulary services that enable
applications to handle unknown words or phrases when
rendering the user experience, iii) voice services that enable
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applications to use one or more different voices when
rendering the user experience, or iv) synthesized text to
speech services that enable applications to use a synthesized
voice that mimics a human speaker; and providing the
digital assistant extensibility services to the one or more
applications through the API exposed by the digital assistant
extensibility client on the local device.

[0101] In another example, the digital assistant extensibil-
ity services and digital assistant extensibility client provide
a platform with user experiences that are renderable on the
local device using one voice across all the applications, the
one voice being natively associated with a digital assistant
that is executable on the local device. In another example,
the applications have application-specific voice commands
written to a manifest which is loaded into a runtime envi-
ronment upon application launch. In another example, the
digital assistant extensibility client maps voice commands
from the device user to the application-specific voice com-
mands loaded from the manifest.

[0102] Based on the foregoing, it should be appreciated
that technologies for a digital assistant have been disclosed
herein. Although the subject matter presented herein has
been described in language specific to computer structural
features, methodological and transformative acts, specific
computing machinery, and computer-readable storage
media, it is to be understood that the invention defined in the
appended claims is not necessarily limited to the specific
features, acts, or media described herein. Rather, the specific
features, acts, and mediums are disclosed as example forms
of implementing the claims.

[0103] The subject matter described above is provided by
way of illustration only and should not be construed as
limiting. Various modifications and changes may be made to
the subject matter described herein without following the
example embodiments and applications illustrated and
described, and without departing from the true spirit and
scope of the present invention, which is set forth in the
following claims.

What is claimed:

1. A method for implementing extensibility of a digital
assistant operating on a device to one or more applications,
comprising:

exposing an interface for receiving application-specific

voice commands from manifests associated with
respective ones of the applications;

configuring a user interface to receive voice commands

from a device user;

mapping the voice commands received at the user inter-

face to respective ones of the applications according to
the manifests; and

forwarding the voice commands to the applications for

handling in response to the mapping.

2. The method of claim 1 further including rendering user
experiences supported by the applications using a voice
associated with the digital assistant so that user experiences
across the applications utilize one voice.

3. The method of claim 2 further including surfacing
options to the device user for controlling characteristics of
the one voice, the characteristics including one of language,
gender associated with the one voice, or accent associated
with the one voice.

4. The method of claim 1 further including using contex-
tual data when performing the voice command mapping.
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5. The method of claim 4 in which the contextual data
comprises one or more of time, date, location of the user,
location of the device, language, schedule, applications
installed on the device, user preferences, user behaviors,
user activities, stored contacts, call history, messaging his-
tory, browsing history, device type, device capabilities, or
communication network type.

6. The method of claim 1 further including providing
services to the applications, the services including one or
more of language services, vocabulary services, voice ser-
vices, or synthesized text to speech services.

7. The method of claim 6 in which the voice services are
arranged to enable the applications to switch among differ-
ent voices when rendering the user experiences.

8. The method of claim 6 further including receiving
portions of the services from a remote service provider.

9. The method of claim 8 further including supporting the
interface with an extensibility client that is configured for
interaction with the remote service provider.

10. One or more computer-readable memory devices
storing instructions which, when executed by one or more
processors disposed in a computer server, perform a method
comprising the steps of:

interoperating with a digital assistant extensibility client
on a local device, the digital assistant extensibility
client exposing an application programming interface
(API) to one or more applications being executable on
the local device;

maintaining digital assistant extensibility services includ-
ing at least one of i) language services that enable
applications to use one or more different languages
when rendering a user experience on the local device,
ii) vocabulary services that enable applications to
handle unknown words or phrases when rendering the
user experience, iii) voice services that enable appli-
cations to use one or more different voices when
rendering the user experience, or iv) synthesized text to
speech services that enable applications to use a syn-
thesized voice that mimics a human speaker; and

providing the digital assistant extensibility services to the
one or more applications through the API exposed by
the digital assistant extensibility client on the local
device.

11. The one or more computer-readable memory devices
of claim 10 in which the digital assistant extensibility
services and digital assistant extensibility client provide a
platform with user experiences that are renderable on the
local device using one voice across all the applications, the
one voice being natively associated with a digital assistant
that is executable on the local device.

12. The one or more computer-readable memory devices
of claim 10 in which the applications have application-
specific voice commands written to a manifest which is
loaded into a runtime environment upon application launch.

13. The one or more computer-readable memory devices
of claim 12 in which the digital assistant extensibility client
maps voice commands from the device user to the applica-
tion-specific voice commands loaded from the manifest.

14. A device, comprising:

one or more processors;

a user interface (UI) for interacting with a user of the
device using audio or graphics; and
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a memory device storing computer-readable instructions
which, when executed by the one or more processors,
cause the device to

execute an application on the device,

load a manifest of commands that are associated with the
executing application,

provide a digital assistant extensibility interface for the
application that extends to the executing application
one or more features implemented by a digital assistant
that is operable on the device,

receive an input from the user at the UL,

parse the input to identify commands in the manifest, and

in response to identified commands in the manifest, notify
the application of the user input.

15. The device of claim 14 in which the instructions
further cause the device to pass at least a portion of the user
input to the application as an input event to be handled by
the application.
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16. The device of claim 14 in which the instructions
further cause the device to call a function supported by the
application in response to the identified command.

17. The device of claim 16 in which the application
function is at least partially executed through interactions
with the digital assistant using the digital assistant extensi-
bility interface.

18. The device of claim 17 in which the digital assistant
extensibility interface provides services to the application
including one or more of language services, vocabulary
services, voice services, or text-to-speech services.

19. The device of claim 16 in which the application
function is at least partially implemented using the digital
assistant to communicate with the user over the Ul using
voice.

20. The device of claim 14 in which the manifest is
expressed using declarative code.
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